New possibilities for estimating octanol/water partition coefficients (logP) and the water solubility (S w ) were investigated using Kovàts retention indices (I) obtained from GLC retention data for 132 volatile organic compounds belonging to 7 different chemical classes (hydrocarbons, alcohols, aldehydes, ketones, carboxylic acids, esters and halogen compounds). Application of the multilinear regression method led to six equations, all involving index I, as follows: (i) direct correlation logP vs. I (eq.1); (ii) logP vs. I , molar refractivity, and surface tension (eq. 2); (iii) logP vs. I and structural characteristics (eqs. 3, 4 and 6); (iv) logP vs. the I/S w ratio (eq. 5). Excepting eq. 1 (which showed relatively weak correlations), eqs. 2 -6 can provide reliable values for logP and for logS w as proved by the significant statistical parameters. The general models presented through eqs. 2 -6 may also be applied in estimation of other biological and/or ecological important properties, which are linearly dependent on the logP or log S w values. By generalization, a new calculation method is suggested (eq. 7), in order to allow the estimation of logP or logS w in terms of the number of bonds and the Kovàts retention index.
Introduction
The estimation of hydrophobic/hydrophilic properties of chemical compounds is relevant for many fields including medicine, pharmacology, foods, fragrances, chemical industry and environmental protection. These properties are measured by the octanol/water partition coefficient (logP) and the water solubility under normal conditions (S w ) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] both having current There are significant differences between the correlation parameters corresponding to the various classes, but such differences may be due rather to the heterogeneous composition of the sets, with respect to the olefinic, cyclic or aromatic structures. The best correlation coefficients were observed in the case of alcohols (R 2 =0.948) and carboxylic acids (R 2 =0.990). Such pronounced linearity may be explained by the smaller proportion of unsaturated, cyclic or aromatic structures within these sets.
Dependence of the log P parameter on the Kovàts index(I) and physical properties (molar refractivity and surface tension)
Eq. 1 was improved, according to the general equation 2, by the addition of a second parameter, constructed from two physical properties (molar refractivity and surface tension) which affect the partition process between water and the organic solvent. The molar refractivity and surface tension were computed using the ACD ChemSketch 8.0 Freeware software. 33 Coefficients and statistical parameters of eqs. 2a -2g, corresponding to each class of compounds, are presented in Table 3 . These results show significant increases of the correlation coefficients (R 2 = 0.927 -0.992). At the same time, a good correlation between logP values calculated through eqs. 2a -2g and the experimental logP is displayed by Figure 2 . logP= a×I * + b×log(MR/ST) + c eq. 2 where: MR = molar refractivity and ST = surface tension. Table 3 ) vs. logP exp. (Table 1 ).
Dependence of the log P parameter on the Kovàts index involving structural effects and accessible polar surface
Another improvement of eq. 1 was achieved by a QSPR study. According to the observed influence of the molecular structure on the dependence logP vs. I (Figure 1 ), two parameters were added to eq.1: the number of bonds (nBt) 34 in order to characterize the effects of unsaturation, rings, or aromaticity, and the accessible polar surface, which may describe the availability of the functional group to hydration. Ascribing net atomic charges (CNDO) and geometry optimization (MM + force field) were performed using the HyperChem program, 35 followed by computing of the accesssible surface of the heteroatoms. As seen in Table 4 and Figure 3 , the use of the number of bonds nBt (a constitutional descriptor) together with index I (eq. 3) led to a significant increase of statistical parameters, compared to eq.1.
logP= a×I * + b×nBt + c eq. 3 where nBt = number of bonds. Attempts were made for finding a unique relationship able to predict logP of all the 129 compounds (for which experimental logP was available, Table 1 ), independent of the type of the functional group. In this case, supplementary characteristics of the functional group are required for these compounds. The accessible polar surface was found to be the best from several tested descriptors. It was included in the QSPR model (eq. 4) as a substituent factor (SF), only in the case of heteroatom-containing structures. Satisfactory statistics could be achieved only by adding an indicator variable (V) to the QSPR model, so that V has value "1" for those structures which contain oxygen atoms, and "0" for the other ones. (Table 1) Although R is slightly lower than in the case of eqs.3a -3g, the statistical parameters of eq. 4 (R 2 = 0.974, F = 1194.4, SE = 0.275) may be considered relatively good, taking into account the number and the chemical diversity of the structures covered by this relationship. When "1" value was assigned to variable V for both oxygen-and fluorine-substituted compounds, no improvement was observed (R 2 = 0.971, F = 1065, SE = 0.291). Taking into account the hydrogen bond acceptor character of the fluorine atoms, an improvement of the statistics for equation 4 should be expected, if the variable V is related to hydrogen bonding. Such a result suggests that variable V is related rather to the Brønsted acid-base behavior of the oxygen-containing compounds.
Dependence of the logP parameter on index I and water solubility
As it is known, 1,2 logP involves the partition of a chemical compound between an organic solvent (usually 1-octanol) and water. Starting from this basic notion, we attempted to correlate logP values with the ratios I/S w , where S w represents the water solubility (eq. 5a, obtained using those compounds for which both the experimental logP and S w were available, Table 1 ). Such a strategy may offer an easily accessible method for measuring logP, being related to the real partition process (organic phase/water). A plot of logP calculated (eq. 5a) and the experimental logP is presented in Figure 5 . The resulted correlation equation (eq. 5a) was compared to Yalkowsky's equation applied to the same set of compounds (eq. 5b), 4 showing an improvement of statistical parameters, when the 
Estimation of water solubility on the basis of Kovàts retention indices
The linear dependence between logP and S w discussed above is due to the physico-chemical definition of the logP parameter, i. e. the organic phase/water partition. Based on such a relationship, logS w may be expressed as a linear function of the same parameters that describe logP. Thus, the general model represented by eq.3 (which gave the best results from all the tested models) was applied for estimation of logS w , resulting in eq. 6: logS w = a×I * + b×nBt + c eq. 6 where: I * = I (Kovàts index, Table 1 )/100, nBt = number of bonds. 
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Page 187 © ARKAT USA, Inc. The coefficients of eq. 6, corresponding to each class of compounds from table 1, and the statistical parameters are presented in Table 5 . This result, together with the plot of logS w calcd vs. logS w exp . (Figure 6 ), augment the validity of such a model for estimating the water solubility of various compounds.
Because both parameters logP and logS w can be expressed by the same QSPR model involving index I, a new general relationship, suitable for the estimation of logP or logS w , is proposed as eq. 7: logP or logS w = a×I * + b×nBt + c eq.7 where the definitons of I * , and nBt are those specified for eq. 3 and eq. 6.
Values of the coefficients a, b, c have been already presented for each calculated property and for each class of compounds from Table 1 .
The present study based on the correlation between logP and Kovàts index underlines the possibility of using GLC for the estimation of the octanol/water partition coefficients instead of liquid chromatography, in the case of volatile compounds. The linear relationship between these two parameters within homologous series could be extended to more general relationships, applicable to sets of increased structural diversity (eqs. 2 -5). In the present work, several descriptors related to the physico-chemical properties of the solutes were tested, but many other descriptors may give significant results. 34, 36 The intercorrelation of parameters is presented in Table 6 for the most general models, covering large datasets, namely for eq. 4 (Table 6a ) and eq. 5a (Table 6b) . Randić, 37, 38 orthogonalization of descriptors does not affect the statistical parameters (R, F, SE) which are the same for both orthogonal and nonorthogonal models. The main reasons for using orthogonal descriptors are the stability and significance of the equation's coefficients. Analysis of the parameters and of the coefficients of the presented equations, employing orthogonal models, on several stationary phases, and using larger data sets, will be the subject of a more detailed future study. A comparison between the estimating abilities of the proposed models towards ClogP 1,31 and several known QSPR models (eg. AlogP, 14 MlogP 15 and ACDlabs 33 ) can be made through the residuals between the experimental and the calculated logP and logS w values, as presented in Table 7 . In order to compare the presented results with the data calculated by the mentioned softwares, an average absolute deviation for the considered set was calculated for each model.
According to Table 7 , average absolute deviations are smaller for eqs. 2 − 5 than for AlogP and MolgP, and in the case of eq.3 they are almost equal with those for ClogP. For the calculation of logS w , eq. 6 shows better results compared to the ACDlabs software.
Conclusions
Studying the possibility of estimation the octanol-water partition coefficients and water solubility starting from GLC data (Kovàts retention indices) in the case of 132 volatile compounds, belonging to seven different chemical classes, six equations were formulated involving the Kovàts index and additional parameters, namely molar refractivity and surface tension (eq. 2), number of bonds (eq.3 and 6), accessible polar surface (eq.4) and the I/S w ratio (eq. 5a). As a generalization of the performed study, a new model (eq. 7) was proposed in order to estimate either logP or log S w in terms of the Kovàts index and number of bonds. The linear relationship between logP and the Kovàts index formulated through eqs. 2 -6, with R 2 values between 0.927 and 0.993, proves that GLC may offer a facile alternative for the estimation of the octanol/water partition coefficient for volatile compounds. Gas-liquid chromatography (GLC) is a simple and widely used technique for which very small samples are needed, compared to other physicochemical methods. Moreover, eq. 7 evidences the possibility of extending each of the presented
